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Insoo Hwang, Jaekwang Kim 
United Technologies Carrier Corp. 
c/o Daewoo Carrier Corp. 
K wangju, Korea 
ABSTRACT 
Piping vibration which is mainly caused by the torsional vibration of rotary compressor can be a major noise source 
of air-conditioner. Especially, the tangential vibration of rotary compressor which is due to the torsional vibration is 
much higher than the radial vibration or the vertical vibration of compressor. A study as to how the tangential 
vibration of rotary compressor is related with the design parameters of rotary compressor is conducted by 
dimensional analysis along with experiment. According to this study, the tangential vibration of rotary compressors 
is closely related with the inertia moment of compressor as well as design parameters that determine the 
displacement. They are cylinder height, roller outside diameter and shaft eccentricity. Therefore, when rotary 
compressor is newly designed for capacity extension or new refrigerant application such as R41 OA, the design 
parameters should properly be selected for minimum tangential vibration. 
INTRODUCTION 
The rolling piston type rotary compressors are widely used because of their small size, lightweight, low cost 
and high performance. However, the rotary compressor is a major noise source of air-conditioner, which radiates 
noise directly through the cover panel of air-conditioner or excites the piping and panel to radiate noise from them. 
In this study, the design parameters to determine the tangential vibration of rotary compressor are extracted by 
simple modeling, and dimensional analysis on the mass production compressors is performed along with 
experiments. The compressors used in the dimensional analysis are mass production compressors with capacity 
range from 1465W to 8550W, which are composed of different frame sizes, displacement and motor stack height. 
MEASUREMENT OF TANGENTIAL VIBRATION 
There are four components of vibration to characterize the vibration of a rotary compressor. One of the 
components is the tangential vibration on the main shell, another is the vertical vibration on top shell and the others 
are the radial vibrations on the main shell, which are normal to accumulator and in line with accumulator. Rotary 
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compressor has higher tangential vibration level than radial vibration by a factor of 5 to 10. Therefore, tangential 
vibration of compressor, which is mainly due to the torsional motion of compressor, is main driving force of the 
piping vibration of a system. Especially it causes the severe vibration of the suction piping which is connected to the 
accumulator with the most severe vibration because of its long distance from the center of compressor. 
Tangential vibration of rotary compressor is measured (Figure. l) on the grommet at ARI condition, where suction 
pressure is 6.37kgf/cm', discharge pressure is 21.87kgf/cm', and suction temperature 18.3"C. Torsional vibration can 
simply be calculated with measured tangential vibrations with following equations: 
aA = fshellS " + ac --- (I) 
aB = fshellS " - ac; --- (2) 
8 " = (aA + aB)/2 fshell --- (3) 
Figure 1. Tangential vibration of rotary compressor 
where aA, and aB are accelerations on the shell in the tangential direction, ac is acceleration of compressor in the 
normal direction. The rshell is the radius of compressor shell, and 8 · is the torsional acceleration of compressor. 
MODELING 
Design parameters that determine the displacement of rotary compressor are cylinder height, inside 
diameter of cylinder and outside diameter of roller, which are coupled with eccentricity of shaft as shown in the 
following simple equations: 
Displacement= 1I /4 *Hey!* (Dcyf-Drof), --- (4) 
Dcyl = Drol - 2*Eccen --- (5) 
where Hcyl is the height of cylinder, Dcyl is the inside diameter of cylinder, Drol is the outside diameter of roller, 
and Eccen is the eccentricity of shaft. 
Most of past studies concern with determining how the design parameters are related with performance or 
reliability. Here, the relationship between the design parameters and tangential vibration of rotary compressor is 
examined. Torsional vibration which translates to tangential vibration of rotary compressor is mainly related with 
shaft angular acceleration. This angular acceleration is due to the difference between motor torque and compression 
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torque because motor torque can not trace exactly the compression torque variation in one compression cycle as 
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Figure 2. Compression Torque vs Motor Torque 
(Tc: Compression Torque, Tm: Motor Torque) 
Let's consider the following simple diagram to relate the compressor torque with the displacement design 
parameters, where vane reaches the bottom dead point as shown in Figure 3. 
(Hcyl; Cylinder Height) 
Fp 
Drol 
Figure 3. Force applied to shaft 
The compression torque can be expressed in terms of three dimensions in Figure3: 
Tc = Fp * Eccen 
=(Pe-Ps) * Hcyl * Drol * Eccen --- (6) 
where Tc is compression torque, Pc is compression pressure and Ps is suction pressure. 
It is seen that compression torque is related with the height of cylinder, the outside diameter of roller and 
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the eccentricity of shaft in the above equation. 
Also, the equation to govern the torsional vibration of rotary compressor is given in the following equation: 
Im8 • + C8 ' + K8 = Tm- Tc --- (7) 
where Im is inertia moment of compressor, C is damping coefficient, K is spring constant, and Tm is motor torque. 
Both damping coefficient and spring constant in the above equation are mainly related with piping and mounting 
rubber grommets. Because we are now considering how design parameters are related with torsional vibration, both 
damping coefficient and spring constant can be neglected. Also, motor torque, Tm, is eliminated though it should be 
a function of shaft rotational speed, as motor torque variation is much smaller than that of compression torque. 
Hence, 
8 • ~ Tc I lm =(Pe-Ps)* Hcyl * Drol * Eccen I Im 
Hcyl * Drol * Eccen I Im --- (8) 
From the above equation, it is seen that torsional vibration is proportional to cylinder height, roller outside diameter 
and eccentricity. Also, it is proportional to the inverse of compressor inertia moment. 
DIMENSIONAL ANALYSIS 
For the dimensional analysis, design parameters (Hcyl, Drol, Eccen, lm given in the equation (8)) of rotary 
compressor are selected. Also, mass production compressors with capacity range from 1465 to 8550 Ware selected, 
and the tangential vibration of the compressors are obtained from the audit data base of mass production 
compressors. 
The compressors used in the analysis are composed of three frame sizes with different motor size. And, roller 
outside diameter, shaft eccentricity, cylinder height and motor stack height are different in the same frame. Sixteen 
factors which can be derived from the combination of four design parameters are selected to find correlation 
between torsional vibration and the factors. All factors whose correlation with torsional vibration is over 0.5 are 
given in Table 1 for 60hz compressors and Table 2 for 50hz compressors. The factor given in the equation (8), which 
is cylinder height multiplied by roller outside diameter, eccentricity and the inverse of compressor inertia moment, 
has the highest correlation with tangential vibration among the sixteen factors. The correlation of the factor with 
tangential vibration is 0.93 at 50hz models and 0.96 at 60hz models. And, the graphs to show the correlation 
between them are depicted in Figure 4 and Figure 5. 
While displacement seems to have no correlation with tangential vibration as shown in Figure 4, tangential vibration 
of 50hz compressors seems to be higher than that of 60hz compressors for the same displacement. Figure 5 shows 
that tangential vibration is closely correlated with the design parameters and tangential vibration of 50hz 
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Figure 4. Correlation between Torsional 
Vibration and Displacement 
Figure 5. Correlation between Torsional 
Vibration and Design Parameter 
CONCLUSION 
The tangential vibration of rotary compressors is closely related with the inertia moment of compressor as 
well as design parameters that determine the displacement. The displacement is then determined by cylinder height, 
roller outside diameter and shaft eccentricity. Therefore, when rotary compressor is newly designed for capacity 
extension or new refrigerant application such as R4l OA, the design parameters should properly be selected to avoid 
excessive tangential vibration. Once the design parameters for rotary compressors are selected, it is very difficult to 
reduce the tangential vibration of the compressors because the design parameters are closely related with tangential 
vibration. 
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Table 1. Correlation between normalized design parameters and normalized tangential vibration (60hz) 
No Accel Disp. E D H Im E/lm ED/Im EH/Im EHD/Im 
1 0.244 0.000 0.000 0.321 0.000 0.000 0.285 0.238 0.000 0.000 
2 0.383 0.041 0.130 0.254 0.000 0.000 0.456 0.441 0.148 0.160 
3 0.444 0.062 0.196 0.220 0.000 0.000 0.543 0.539 0.223 0.238 
4 0.489 0.082 0.263 0.186 0.000 0.000 0.632 0.636 0.299 0.314 
5 0.700 0.165 0.542 0.043 0.000 0.000 1.000 1.000 0.617 0.602 
6 0.667 0.247 0.414 0.108 0.480 0.031 0.733 0.715 0.768 0.823 
7 0.894 0.329 0.625 0.000 0.480 0.048 0.930 0.880 1.000 1.000 
8 0.611 0.441 0.488 0.645 0.652 0.324 0.276 0.367 0.320 0.573 
9 0.833 0.542 0.678 0.547 0.652 0.324 0.413 0.532 0.495 0.767 
10 1.000 0.663 0.917 0.425 0.652 0.324 0.585 0.718 0.715 0.985 
11 0.439 0.685 0.541 1.000 1.000 0.764 0.001 0.035 0.081 0.367 
12 0.489 0.725 0.598 0.971 1.000 0.764 0.026 0.071 0.119 0.417 
13 0.483 0.766 0.656 0.941 1.000 0.764 0.052 0.107 0.158 0.466 
14 0.494 0.847 0.772 0.881 1.000 1.000 0.000 0.000 0.079 0.319 
15 0.511 0.928 0.891 0.820 1.000 1.000 0.044 0.056 0.145 0.396 
16 0.561 0.976 0.964 0.783 1.000 1.000 0.071 0.089 0.186 0.441 
17 0.606 1.000 1.000 0.764 1.000 1.000 0.084 0.105 0.206 0.463 
Correlation 0.17 0.53 -0.27 0.14 -0.11 0.50 0.59 0.85 0.96 
Remarks : Accel. = tangential vibration, Disp = displacement, E = eccentricity of shaft 
D = outside diameter of roller, H =height of cylinder, Im = inertia moment of compressor 
Table 2. Correlation between normalized design parameters and normalized tangential vibration (50hz) 
No Accel Disp. E D H 1m Ellm ED/Im EH/Im EHD!lm 
1 0.481 0.000 0.211 0.107 0.000 0.000 0.910 0.917 0.490 0.353 
2 0.595 0.025 0.325 0.070 0.000 0.000 1.000 1.000 0.567 0.439 
3 0.757 0.124 0.119 0.136 0.480 0.031 0.742 0.728 0.710 0.709 
4 0.973 0.148 0.202 0.110 0.480 0.031 0.803 0.786 0.780 0.791 
5 1.000 0.173 0.286 0.083 0.480 0.049 0.812 0.779 0.790 0.780 
6 0.973 0.247 0.545 0.000 0.480 0.049 0.993 0.936 1.000 1.000 
7 0.665 0.260 0.000 0.749 0.652 0.327 0.201 0.266 0.155 0.201 
8 0.649 0.308 0.118 0.712 0.652 0.327 0.252 0.333 0.219 0.302 
9 0.686 0.357 0.237 0.673 0.652 0.327 0.303 0.398 0.284 0.402 
10 0.865 0.405 0.481 0.595 0.652 0.327 0.408 0.524 0.417 0.594 
11 0.827 0.502 0.605 0.556 0.652 0.327 0.462 0.585 0.485 0.687 
12 0.919 0.551 0.732 0.515 0.652 0.327 0.516 0.645 0.553 0.778 
13 0.935 0.599 0.860 0.474 0.652 0.327 0.572 0.703 0.623 0.867 
14 0.530 0.650 0.414 1.000 1.000 0.773 0.063 0.117 0.094 0.209 
15 0.524 0.699 0.505 0.971 1.000 0.773 0.087 0.150 0.130 0.269 
16 0.438 0.747 0.505 0.971 1.000 1.000 0.000 0.000 0.000 0.000 
17 0.508 0.893 0.789 0.880 1.000 1.000 0.063 0.083 0.094 0.149 
18 0.573 1.000 1.000 0.812 1.000 1.000 0.110 0.140 0.163 0.252 
Correlation -0.34 0.03 -0.58 -0.26 -0.60 0.56 0.60 0.81 0.93 
Remarks : Accel. = tangential vibration, Disp = displacement, E = eccentricity of shaft 
D = outside diameter of roller, H =height of cylinder, Im = inertia moment of compressor 
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